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Abstract

We presenta new object-orientedmodelfor a Perl padkage, basedon DamienConways “accessor” model. Our
modelincludesboth public and private data; it usesstrategiesto reducea padage namespacebut still maintainsa
robustanderror-trappedapproach. With this extendednodelwe can make any padage dataor functions“private”,
aswell as“public”. (Note: “namespace’in this context meansall the namesyariablesand subs,associatedvith a
padkage.)

Motivation and Background

For the pastsix monthswe have beenworking on a projectcalled“ILab: The InformationPower Grid Virtual Lab-
oratory”. Thisis a Perl programwhich providesa Perl/Tk userinterfaceandgeneratescriptsfor parametestudies
beingrun on the Grid. (Note thatthe expression“Grid” is now beingusedto describethe world-wide network of
supercomputerdyoth parallelandserial, that scientistsare usingto run scientificproblemsthatinvolve datasetstoo
largeto fit on desktopsystems.)This programhasan extensve userinterface;we alreadyhave about15,000lines of
Perl, andwe anticipateabout50,000lines whenall optionsareimplemented.With sucha large project,it became
relatively importantfor usto organizeour dataandoperationsnto packagesin orderto speedup developmentand
dehugging.We have searchedhe Perlliteraturefor reliablemodelsto usefor our packagesandby addingsomenew
ideaswe have developeda new object-orientecpproach.

Many Perlauthorshave lamentedhefactthatpackagenembervariablesn Perlcannotbe completelyprotectedrom
outsideaccesslin spiteof variousmethod=f “protecting” variablesthereis alwayssomeway thata programmercan
accesshe protectedvariables.In comparisonyariablesdeclaredo beprivatein C++ or Java canonly beaccessety
aclasss own functions,or by the functionsof a derivedclassor “friend” class(C++). Any attemptto accessprivate
variablesrom outsidethe classwill causeacompile-timeerror. In C++andJava, this dataprotectionis built in to the
languagétself; in Perl, dataprotectionhasto be constructedanda adequateconstructionmethodhasnot yet been
presentedn the currentPerl literature. The methodswe have seenso far make it inconvenient,not impossible,to
accesslatamemberdrom outsidea package.

Conway’s Accessor Model

The mostinterestingof thesemethodswaspresentedy DamienConway [1]. He describesatruly clever anduseful
way of creatinga Perl“closure” insidea constructorfunction. This packagegcalledSol di er (seeListing 1), illus-
tratesa methodfor hiding the datamembersof a Perl packagetherebymakingthesemembersprivatein a manner
similarto C++ andJava. The strateyy is thatusers(i.e., programmeiusers)of packageSol di er cannotaccesghe
datamemberdgirectly, only throughthe “get” or “set” functionsassociatedavith thosemembers.

In Conway’s example,the stringsnane, r ank andseri al _numareputin anarrayandthenusedaskeysin
hash¥gat a; theanorymoussubwhosereferences $accessor istheonly wayto accesshishash.Theanorymous
subis aclosure,i.e., ary local dataaccessedtby this containedsubis madenon-transientislong asthe referenceo
that subdoesnot go out of scope. Eventhough%dat a is alocal (rmy) variable,it doesnot disappeasafter the call



to new returns. The new sub (which is packageSol di er ’s constructor)thenblessesandreturnsthe anorymous
subreferencejnsteadof blessingandreturningthe %dat a hashas$sel f (the mostcommonlyusedPerl strateyy
for creatingpackages)As aresult,the referencereturnedfrom the call to new canbe usednot only to call the subs
attachedo this packagebut canalsobe usedto get/setthe datamembers.

Here,all datamembersexceptr ank have beenprotectedrom assignmenby putting restrictionsin the accessor
sub,andby not providing setfunctionsfor them. This bringsConway’s Sol di er packagerery closeto beingcom-
pletly object-orienteda) the packages datamembersarenot visible to outsideusersexceptasspecifiecby theget/set
functions,asthey would bein C++ or Java; b) the packagesinterfaceis madeup of functions,not data

Listing 1: Conways Sol di er padkage

package Sol di er;
$VERSI ON = 1. 00;
use strict;

use Carp;
ny @ttrs = gwm nanme rank serial _nunj;

sub new
{
ny ($class, %args) = @;
ny %lat a;
@ata{@ttrs} = @rgs{@ttrs};
ny $accessor =
sub
{
ny ($cnd, $attr, $newal) = @;
croak "Invalid direct access: use the ${cnd}_S$attr nethod instead"
unl ess caller()->isa("Soldier");
return $data{$attr}
if $cnd eq "get";
return $data{"rank"} = $newal
if ($cnd eq "set" && $attr eq "rank");
croak "Cannot $cnd attribute $attr”;
b

bl ess $accessor, ref($class)|| $cl ass;

}
# These nethods provide the only nmeans of accessing object attributes
# (note that only rank can be changed)

sub get_nane { $[0]->(C"get’, name’) }
sub get _rank { $_[0]->("get’,’ rank’) }
sub get_serial _num { $_[0]->("get’, serial_num) }

sub set_rank

{

ny ($self, $newank) = @;

$sel f->("set’,’ rank’, $new ank);
}
no strict;

package mai n;
ny $s = Sol di er->new( name=>"ryan", rank=>"private", seri al _num=>"1000000");

print $s->get_name(), "\n";



print $s->get rank(), "\n";
print $s->get_serial _nun(), "\n";
$s->set _rank("general "), "\n";

$s->("set", "rank", " Col onel ") ;
print $s->("get","serial _nuni);

print $s->get_name(), "\n";

print $s->get_rank(), "\n";

print $s->get_serial _nun(), "\n";
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Accessor Closure

Thisis anamazingtrick! ThePerlinterpreteris very flexible andthereferenceo $accessor still worksfor calling
the packages subs,eventhough$accessor is areferencego ananorymoussub,insteadof areferenceo a$sel f
hash.And, it doesindeedmake the datamembergrivate,i.e., not accessiblérom outsidethe package However, it
hassomeunexpectedeffects: (1) somevariables(r ank andseri al _nun) canonly be setthroughthe constructor
call to new, andthe assignmentin the constructoris not errortrapped;(2) thereare no public datamembers- all
datamembersare private; (3) the interfaceto the packagds only functions: no data(notethatthis effect may be a
desirableone);(4) the packages own subscant setary datamembersexceptr ank: theerrortrapin theanorymous
sub,whichis meantto preventoutsidesettingof datamembersalsopreventsinsidesettingof the samedatamembers;
(5) apackagederivedfrom Soldiercant have its own data,only its own functions(the Perlinterpreterwon't let you
treatthat$accessor valueasa$sel f hash).

Now, this is carryingprotectiontoo far; we don’'t wantto protectthe packagevariablesfrom the packages own
functions.Furthermoresettingvariablesonly throughthe constructomaynot be a gooddesign.

Some Design Requirements

We would like a designthat satisfieghe following considerations(1) the packages privatevariablesshouldbe only
accessibldrom outsidethroughget/setfunctions; (2) the packages own functionsshouldbe ableto freely access
all variables;the constructorshouldnot be the only function that cansetary privatevariable;(3) reasonablerror
trappingandinitialization shouldbe possible;(4) large amountsof code,or too mary repetitionsof the samepieces
of code,shouldbe avoided; (5) the namespacef the packageshouldnot be unduly affectedby theseconstraintgin
otherwords,we shouldnothave to addtoo mary functionsor variablego our packagen orderto accomplistthis data
hiding); (6) the designshouldnot requirelarge amountsof codeanderrortrapsin the constructoitself; (7) we would
like to beableto have public datamembersaswell asprivatedatamembers.

It is easyto seethatConway’s designonly satisfiesconsiderationgl), (3), and(arguably),(4) and(5).
Nigel Chapmarhaspresented similar method[4]. Chapmars methodis alsoeffective, but doesnot satisfy(2) and
(6) above.



Why Private Variables?

The useof private variablesand functionsis really the cornerstoneof object-orientedprogramming. Accordingto

object-orientedheory an“object” shouldhave its own dataandits own functions;it shouldreaditself, write itself,

draw itself, errorcheckitself, etc. The objects private dataand functionsshouldbe thosedataand functionsthat
are necessaryo theseprivate operationsithe public dataand functionsshouldbe thosethat usersneedto setand
call in orderto usethe object; thesepublic dataandfunctionsaresaidto make up the objects interface. Many C++

programmergake the approachthatall classdatashouldbe privateexceptfor the datathat needsto be public; that,
ideally, all objectdatashouldbe private,andaccessibl@nly throughget/seffunctions.However, in practicethisideal

is rarely accomplishedsince: (1) very few objectsare completelyfree from “lateral” dependencen otherobjects;
(asopposedo “vertical”, or inherited,dependence)2) mostly, C++ programmersio not botherto write getandset
functionsfor every singledatavariable;(3) truly privatedata,in C++,introducegmary lexical, logical,andprocedural
complications;this is dueto the large setof C++ keywordsthat are usedfor differenttypesof dataand function

protection.In Java, the samekind of complicationsareintroduced just fewer of them. This bringsusto the contrary
position:

Why Public Variables?

Shouldall packagedatamembershe madeprivate?In object-orientedheory aretherereasondgor noterrortrapping
datamembersof a packageby providing get/setsubs? In otherwords, creatingpublic datamemberswhich can
be assignedo without ary errortrapping? (Note thatthe $sel f hashstrat@y givesus public datamembersn a
package.)Well, certainly! Herearefive reasonsandwe aresurethatreaderscould provide more: (1) errortrapping
is notneeded{UNDEF fieldsarevalid (example:considera datafield called“Comment”thata usercanfill in during
the courseof creatingsomedocumentwherethe editbox for entering‘Comment”only allows 128chars.);(2) error
trappingwasdonein the userinterface(examples:a float or integerfield which usercanonly enterwith a sliderthat
alreadyhasmin-max values;an edit box that only allows charactetentry; a dialog that will not accepta filename
unlessthe field is not NULL andthefile exists; etc.); (3) the settingof the data,andthe errortrappingof the data,
aredonein differentpackages(4) the packages datamembewasa copy of anothepackages datamembeyandthe
other packagehad errortraps(a specialcaseof ((3)); (5) you're developingthe codeandyou don't know yet what
errorconditionsshouldbe put on somedatamembersetc.

Philosophical Basisfor Privatization

In object-orientedheory, therearethreereasongor privatizingdataandoperations:

(1) Organization,enforcedisolation, "encapsulation”: Essentially eachobjectis a “library” of functionsand
associatedlata(OR: dataand associatedunctions; dependingon the designrequirementf the object. Although
objectsare usuallymodelledon setsof data,occasionallyobjectsneedto be modeledon a particularoperation.) If
objectsarewell designedcodewill be “modular”: relatively free from interdependenciesnd easyto dehug since
objectoperationsarelimited in scopeto thatobject. This encapsulatiomllows internalrepresentatioto be changed
without affecting ary usersof an object. Thereare mary typesof objectsthatdo not fall into this library category;
however, the organizationaprinciplestill applies.lt canbearguedthatorganizationatonsiderationareindependent
of privatization;thatis, we getthe organizationalmprovementof organizingcodeinto objects whethemwe make the
objectdataandfunctionsprivate,or not.

(2) Error-trapping: Sincethe initialization andassignmenof privatevariablesis errortrapped,t shouldbe either
difficult or impossiblefor a programmeto assignincorrectdatato the privatememberf anobject. Typically, the set
functionsassociateavith eachdatamembershouldpreventassignmento valuesthatarenotallowed. This preventsa
largeamountof possibleprogrammingnistales.

(3) Paranoia: “ProgrammingCorrectness”:This appeargo be one of the primary “philosophical” motivations
behindprivatedata. Thetheoryis thatprogrammerswho have to useobjectsdesignedy otherprogrammersgannot
introduceincorrectdata,or incompatibilities,into the used/desied objectsaslong asthe baseobjectshave private
dataandfunctions.At its worst,this kind of thinking leadsto the delusionthatcorrectlydesignedbjectswill notonly
provide for every kind of error that might ever possiblyhappen but also, that thesecorrectly designedobjectswill
never needto bere-designed.



Theorganizationahnderrortrappingbenefitoof programmingwith objectsandhiddendataaregenerallyaccepted
as“Good Things” by programmersThethird consideration which, aspointedout above, is basedon Programming
Correctnessis a sticky pointthatgeneratesnuchdebatepothformal andinformal.

Interestinglyenough,it canbe arguedthat private dataandfunctionsdo nothingto increasethe extensibility of
anobject,andin factmay interferewith it. Typically programmergxtendobjectsby deriving new objectsfrom base
objects;the derived objecthaseverythingthe baseobjecthas,plus moreif neededandthe baseobject’s functions
can be overwritten by the derived object, also as needed. In C++ this can be especiallyproblematic;if the base
objects datais private(in C++, only visible to the baseobject)whenit shouldbe protected(in C++, alsovisible to
ary objectsderivedfrom the baseobject),the programmenf thederivedobjectcanfind thatit is impossibleto extend
the baseobjectasnecessary Sincethe programmetrof the baseobjecttypically doesnot know what future design
considerationsvill be broughtto bearuponobjectsderivedfrom the baseobject,this kind of “cut-off” happensnuch
moreoftenthanit should;and,whenit doesthe programmenf the derived objectscannotdo anything exceptmodify
thebaseclass.(However, sometimeghis maynotbepossiblewe provide for this casen ourderivedclass Listing 3.)

However, we would still like to getthe benefitsof hiddendataout of a Perlpackageandespeciallywithout being
too strict aboutit. Hereis an extensionof DamienConway'’s Sol di er class,which satisfiesmore of the criteria
mentionedabove, andgivesussomeaddedenefitsaswell:

Listing 2: ExtendedSoldierpadage

#
# Sol di er. pl

# Sanpl e package that illustrates hject Oriented data hiding by
# using a Perl "closure".

# Based on "soldier.pl" witten by Dam en Conway.

package Sol di er;
$VERSI ON = 2. 00;

use strict;
sub new { # CONSTRUCTOR for package SOLD ER
ny ($class, %args) = @; # hash "args" is values passed in

# Create a $self hash, init/add the one public variable to it
ny $self = {};

# Array of PUBLIC data nmenber nanes; assign if passed in :
nmy @Publ i cNanmes = gqw( Sol di er Nan®e) ;
foreach ny $attr (@ublicNanes)
{ if ( defined( $args{$attr} ))
{ $self->{$attr} = $args{$attr}; } }

# Create anonynous subs and put refs to theminto the $self hash :
ny %°rivat eHash; # this hash nade pernanent by closure
$sel f->{Sol dierGet} =

sub { ny ($attr) = @; return $PrivateHash{$attr}; };

$sel f->{Sol dierSet} =
sub { ny ($attr, $newal) = @;
ny ($package, $filename, $line) = caller();
if ( $package->isa(’ Soldier’))
{ return ($PrivateHash{$attr} = $newal); }
el se
{ print "ERROR : illegal attempt to set ",
"a closed variable\n"; return; } };
# Alternate error trap:
# if ( $package->isa(’ Soldier’) & $filenane eq 'Soldier.pl’ )

bl ess $sel f, ref($class)|| $cl ass;



# An array of PRI VATE data nmenber nanes; assign if passed in by
# calling the SAME NAME subs :
my @rivateNames = gw Rank Seri al Nunber);
foreach nmy $attr (@°rivateNanes)
{ if ( defined( $args{$attr} ))
{ $self->$attr( $args{$attr} ); } }

return $sel f;

}

# These nethods are the only way to access "private" object attributes

sub Rank {
ny ($self, $value) = @;

# Only allowrank to be set to one of these values :
ny @RankNanes =
gw( Private Sergeant Lieutenant Corporal Mjor Captain General );
if ( defined( $value ))
{ if ( grep {$value eq $_} @RankNanes )
{ return $sel f->{Sol di erSet}->("Rank’, $value); }
el se
{ print "attenpt to set rank to an non-allowed value\n"; } }
el se
{ return $sel f->{SoldierGet}->('Rank’); }

sub Seri al Nurmber {
ny ($self, $value) = @;
if ( defined( $value ))
{ # Don't allow serial nunber to be set to a negative val ue:
if ( $value > 0)
{ return $sel f->{Sol di erSet}->("Serial Nunber’, $value); }
el se
{ print "attenpt to set Serial Nunber to less than O\n"; } }
el se
{ return $sel f->{Sol dierGet}->("Serial Nunber’); }

sub DunpSol di er {
ny $self = shift;

print "Nane = ", $self->{Nanme}, ", Rank = ", $self->{SoldierGet}->("Rank’),
", Serial Number =", $self->{SoldierGet}->("Serial Nunber’), "\n";
}
He o o e m o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e
no strict;

package mai n;

ny $s = Sol di er->new( Nane=>"Ryan", Rank=>"Pri vat e", Seri al Nunber =>"1000000") ;
print "\nSoldier after call to new = \n";
$s- >DunmpSol di er () ;

print "\nSetting the name, public variable\n";
$s->{Nane} = "G Joe"; $s->DunpSoldier();

print "\nSetting the rank, private variable\n";

$s- >Rank(" General "); $s->DunpSol dier();

print "\nSetting the serial nunber, private variable\n";



$s->Seri al Nunber ("1010101"); $s->DunpSol dier();

print "\nGetting the nane\n"; print $s->{Sol di erNane}, "\n";
print "\nGetting the Rank\n"; print $s->Rank(), "\n";
print "\nGetting the Serial Nunber\n"; print $s->Serial Nunber(), "\n"

print "\nTest: trying to set private variable Rank via accessor\n";
$s->{Set}->( 'Rank’, 'General’ );

Get/Set Functions and the Same Names

In Perlit is easyto “collapse”the getandsetfunctionsinto onefunction. If anadditionalargumentis passednto the
function, it is a setoperationelse,it is a getoperation.This reducesur get/sehamespacby 50%: only oneget/set
functionperdatamember
Hereis anothersimplification:in theabove example thedatamembersave the samenamesastheirassociateget/set
functions.Thesedatanamesarereally just stringsthatkey into the%r i vat eHash hashandthey arehiddenby the
Perlclosure.Theeffectof this stratgyy is to furtherreducehenamespacef variablesandassociatedet/sefunctions;
again,reducedby 50%. By collapsingthe get/setfunctions,and using“SameNames”,the effectivenamespacéor
datamembersandtheir get/seffunctionsis reducedby atotal of 75%. Overthe courseof alarge program this effect
is non-trivial: therearefewernamedor aprogrammeto remembepr referencethe codeis simpler makingit easier
to write, delug, andmodify.
Additionally, we want to make surethat the accessoreferencereturnedfrom the “new” function cannotbe used
outsideof the packages own functions. Conway shavs us how to do this: usethecal | er function,which returns
the packagename file name,andline numberof the calling function, from within a calledsub By usingfunction
cal | er insidethe accessoclosure,we cantell wherethe accessomwas called from; oneline of codesufiicesto
eliminatecalls thatdid not comefrom inside packageSol di er or a descendanpackage.Now our datamembers
aretruly private,i.e., notvisible from outsidea packagebut easilyaccessiblérom insidethe packageAs farascode
using(or calling) packageSoldieris concernedthe effectis evenmoreamazingthe datamemberf thepackageare
aseasyto accesaspublic variables put they areactuallyprivate!
Fromwithin a packages functions,it is now moreinefficientto geta privatevariablethana public variable:

$sel f->{Sol di erGet}->(" Rank’); (aprivatevariable)
- is afunctioncall plusa hashlookup;

$sel f - >{ Nane} (apublicvariable)
- is only ahashlookup. Theoverheadrom the extrafunctioncall is notvery much,but if a packagdunctionneedgo
usea privatedatamemberin aloop, thefunctioncancreatealocal copy to usein theloop:

ny $l ocal Rank = $sel f->{Sol di er Get}->("' Rank’);
- otherwisejustput$sel f - >{ Sol di er Get } - >(’ Rank’ ) in-line,asyouwould put$sel f - >{ Nane} in-line.
Now, functionsinside packageSoldiercanget/setary datamember;we don't have to put errortrappinginside the
accessofunction, asin thefirst example. Error-trapscanbe put wherethey belong,in the get/setfunctions. In the
above example,datamemberRank is limited to a smallsetof allowablevalues,anddatamemberSer i al Nunber
is restrictedto valuesgreaterthan O; datamemberSol di er Nanme hasno error traps. We do initialization in the
new sub,aswell: 1) for public datamemberssimply assignby keying into the %ar gs passedn; 2) for privatedata
membersalsokey into %ar gs, but call the SameNamesubsinsteadof assigninglf it wereadvisableo initialize any
datamemberghatwerenot setin the constructomrgumentsthenwe would call a separaténitialization functionnear
the bottomof the constructor This functionwould assigndefault valuesto any datamemberghatarestill undefined
afterthe constructomrgumentsareprocessed.
In thefirst versionof Soldier the settingof datamembersn the constructotis not errortrapped.Theline of code:
@ata{@ttrs} = @rgs{@ttrs}; # set nenber values to args val ues
- simply assigngo datamemberghe valuespassedn, without doing ary errorchecking. Note thatthe call to new
makesuseof the Perl“hash” assignmensyntaxin theargumentist:
ny $s = Sol di er - >new Name=>"ryan", Rank=>"pri vat e", Seri al Nunber =>"1000000") ;
Our methodof calling the SameNamefunctionscatcherrorsin the constructorcall; for example,if the constructor
wascalledwith agumentRank => ' Gener al ', theline of codein the secondexample:



$sel f->%attr( Sargs{$attr} );

- will callthesubRank with agument Gener al ’ , whichwill testtheargumentfor anallowedvalue. Note thatif
we disalloved or ignoredarny argumentgpassedn to the constructorusersof packageSoldierwould beforcedto set
datamembersoneby onewith the get/seffunctions.We wantedto avoid this, sincethe hashassignmensyntaxin an
argumentlist is standardPerl,andusingit for severalvariablesat onceis very corvenient.

In the first example,Conway returned$accessor from the constructoronly to cut off accesgo it from outside
(in "Variationfor the Paranoid”); what, thenis the point of returningit from the constructor?in the secondversion,
insteadof returning$accessor , we return$sel f ; we have two accessorgonefor getting,onefor setting),and
we just plug referencego thesefunctionsinto the $sel f hash.The accessorarerestrictedasbeforeso no userof
packageSoldiercancall themfrom outsidethe package PackageSol di er now hastwo hashesf datamembersa
hashcalled%Pr i vat eHash which containsall privatedatamembersandthe $sel f hashthatwe areaccustomed
to using,whichwill containpublic datamembers.

I mprovements

Note that since datamemberNane is now public, we didn’t provide a get/setfunction for it; usersof package
Sol di er cangetor setdatamember‘Name” directly throughthe $sel f hash.1) the getaccessodoesnt needa
“caller/isa” trap: ary outsidecodecan“see” the privatevariablesbut still hasto go throughanerrortrapto setthem;
2) we have bothpublic andprivatevariablesn packageSol di er ; 3) we canstill allow hashassignmensyntaxin the
callto theconstructorandthis hashsyntaxcanbeusedfor bothpublicandprivatevariablesand,ary privatevariables
in the hashsyntaxarestill errortrapped;(Note thatthe useof anlnit functionis recommendetly OOP experts.)4)
privatedatais readily accessiblédy all packagesubs,andall derived packagesubs. Note the easeof usingour nen
packagesoldier: privateandpublic datamembersarenamedn the sameway, andthedifferenceof accessinghemis
justtrivial syntax:

$s->{Nanme} = "d Joe";
- is anassignmento a public datamemberwhile:

$s->Rank(" General ");
is afunctioncall thatassignsa valueto a privatedatamember This, afterall, is the point of our packagemodel: we
arewilling to put up with someextra lines of codein a packagejf it makesthe calling codesimpler morerobust,
andeasierto use;since,over the courseof the large ILab project,we aregoingto have a lot morecalling codethan
packagecode.Theerrortrappingis all in the packagewe don't have to botherwith errortrappingin thecalling code.

By-passing the Error-traps

As Conway haspointedout, a determinedprogrammercanstill bypassthe errortrappingin the setaccessqgrby re-
openingpackagesol di er outsideof file Soldierpl, andthenissuinga directsetcall asin thetestabove. Hereis his
example[1,p. 301-302]:

ny $sol di er = Sol di er->new nane=>' Al exander’, rank => ' General’ );
package Sol di er;
$soldier->('get’, 'nane’); # call the accessor directly

The main purposeof all this errortrappingand privatizing is not to “keepprogrammersout of” a pieceof code:
instead|t is to make it easierfor anyprogrammeto seewherea mistakesaremadeduringcodedevelopment.

Onthe otherhand,a more determinedorogrammemight extendthe errortrapin the accessofunction, by using
thealternateerrortrap. Insteadof:

if ( $package->isa(’ Soldier’))
{ return $PrivateHash{$attr} = $newal; }

use:

if ( $package->isa(' Soldier’') & $filenane eq 'Soldier.pl’)
{ return $PrivateHash{$attr} = $newal; }



Well, now the merelydeterminedorogrammeis in trouble: re-openinghe packagenvon’t work anymore. The only
way to bypassthe errortrappingis to add codeto the file Soldietpl! But, thatis the point: if a programmethasto
modify a baseclass,thenthe programmershould modify the baseclass,but shouldnot do the modificationin an
outsidefile whereit is hardto find.

As pointedout above, it is a mistale to assumehat a baseclasswill never needto be modified. In our second
versionof Soldier for example,the sub Rank doesnt include all possiblestringsdescribingRank, and a userof
packageSoldiermight well needto extendit. Of coursethis usercouldderive a new packagdrom Soldier andgive
this derived packagdts own privatevariablenamedRank, andoverwrite the Rank sub;this might be preferablein
someprogrammingsituations.

Derived Packages and Namespaces

Notethatthis additionalerrortrapin theaccessofunctionmeanghatderivedpackagesant usetheget/setaccessors
directly, either:like any otheroutsidepackagea derived packagamustusethe basepackages SameNamefunctions
for thebasepackages privatedata.In C++andJava, derivedandparentclassesanhave datavariableswith the same
namestheclassnamespacearedistinct. In Perl,the namespacsituationis morecomplicated.

In C++,Java, andPerl,if aderivedobjecthasa functionwith thesamenameasafunctionin the parentobject,the
derived object’s functionis saidto overwrite the parents function;i.e., the derived object’s functionis calledinstead
of the parents function. In this situationit is often necessaryor the derived object’s function to call the parents
function,aswell asto executeits own statementsin all of theselanguagesthe parents functiondoesnot disappear
but is still availablethroughthe syntaxPar ent Nane: : Funct i onNane.

In Perl,if parentandderivedpackage$®othhave public datamembersvith thesamenamesthederivedpackages
datamemberoverwritesthe parents datamember:this is becauséhe parentand derived packagesre sharingthe
samenamespaceayhich in this caseis the $sel f hash.Derived Perl packagesharetheir parents datanamespace,
but the function namespaceemainsdistinct. As a result,Perlderived packageshatwish to have their own data- in
additionto the parents data- mustin their“new” functionscall the parents“new” function. For example:

package Sol di er Boy;
use base gw( Soldier );
sub new {
ny ($class, %rgs) = @;
ny $self = SUPER :new( %args ); # SoldierBoy gets Soldier’'s data

$sel f->{ Menber 1} = undef; # Sol di erBoy’s public variabl es
$sel f - >{ Menber 2} = 10;

bl ess $sel f, $cl ass; # re-blessing of $self

return $self;

}

Here,packageSol di er Boy is derived from packageSol di er ; insteadof instantiating$sel f asa emptyhash,
Sol di er Boy calls Sol di er new, andusesthereturnvalueasits $sel f hash. Sol di er Boy canaddasmary
valuesasit wantsto this $sel f hash;in this way, the Sol di er Boy packagehasits own public data. Note the
dangerthough: if Sol di er alsohaddatamembersalledMenber 1 andMenber 2, Sol di er Boy'sinitialization
of thesetwo membersvould wipe out the valuesthatSol di er hadputin thesamememberslf Sol di er 'svalues
were neededfor somereason,Sol di er Boy would have to either make copiesof thosemembersunderdifferent
namespr re-namdts own memberssothatthereareno namecollisions. (Thefirst of thesealternatvesis nota good
designapproach.)

Sinceour versionof Sol di er hasboth privateandpublic data,we would like a designwhereary packagede-
rived from Sol di er canhave its own public andprivatedata,aswell. It is actuallyvery easyto accomplishthis.
Sol di er Boy canhave its own get/setaccessoreferenceand%r i vat eHash, in the sameway that Sol di er
does;theonly caveatis thatSol di er Boy mustnotoverwritethe parents get/setaccessovaluesin the$sel f hash
thatthey share.This is why we have givenlong names- Sol di er Get andSol di er Set - to the parents acces-
sorreferencesSol di er Boy will have to have similar uniquenamegSol di er BoyGet andSol di er BoySet )
so that thereare no namespaceollisions. Listing 3 illustratesa versionof Sol di er Boy that overwritesone of
Sol di er 'sprivatevariables.

Listing 3: DerivedPackage SoldierBoypm



use Sol di er;

package Sol di er Boy;

use base gw( Sol dier );
use strict;

sub new {
ny( $class, %args ) = @;
ny $self = new Soldier( %rgs ); # call parent’s constructor

# Array of PUBLIC data nmenber nanes, assign if passed in :
nmy @PublicNanmes = qw(PublicField);
foreach ny $Name (@ublicNanes)
{ if ( defined( $args{$Nane} ))
{ $self->{$Nane} = $args{$Narme}; } }

# CLOSURE : accessor functions which make PrivateHash a per nanent
# feature of this instance of this package
my 9%°rivat eHash;
$sel f - >{ Sol di er BoyGet} =
sub { ny ($attr) = @; return $PrivateHash{$attr}; };

$sel f - >{ Sol di er BoySet} =
sub { ny ($attr, $newal) = @;
# Find out who called this anonynous sub; if not from
# THI S package or descendant, dunp ’'em out
ny ($package, $filename, $line) = caller();
if ( $package->isa(’ Sol dierBoy') && $filenanme eq ' Sol di er Boy. pmi )
{ return ($PrivateHash{$attr} = $newal); }
el se
{ print "SoldierBoy ERROR : illegal attenpt to set
"a closed variable\n"; return; } };

bl ess $sel f, ref($class)]|| $cl ass;

# An array of PRI VATE DATA nanmes; call Sanme Nanme functions to init
# private menbers to any val ues passed in :
ny @rivateNames = gMm Rank DateO'Birth Heal t hCode );
foreach my $Name (@rivateNanes)
{ if ( defined( $args{$Narme} ))
{ $sel f->$Name( $args{$Nane} ); } }

return $self;

sub DateOFBirth {
ny ($self, $value) = @;
if ( defined( $value ))
{ # Don't allow DateOBirth to be set to a negative value :
if ( $value > 0)
{ return $sel f->{Sol di erBoySet}->('DateCfBirth', $value); }
el se
{ print "attenpt to set DateOBirth to less than O\n"; }
}

el se
{ return $sel f->{Sol di erBoyCGet}->('DateCBirth'); }
}

sub Heal t hCode {
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ny ($self, $value) = @;
if ( defined( $value ))

{ if ( $value eq "OK || $value eq 'Fl at Footed )
{ return $sel f->{Sol di er BoySet }->(' Heal t hCode’, $val ue); }
el se
{ print "attenpt to set HealthCode to non-allowable string\n"; }}
el se
{ return $sel f->{Sol di erBoyCet}->(" Heal t hCode'); }
}
sub Rank {

# Derived class’'s overwitten sub for setting OM version of a PRI VATE
# VARI ABLE
ny ($self, $value) = @;
# Only allow rank to be set to one of these values :
nmy @RankNanes =
gw Private Sergeant Sergeant-Mjor Lieutenant Corporal Mjor Captain General );
if ( defined( $value ))
{ if ( grep {$value eq $_} @RankNanes ) # if value is in RankNanes
{ return $sel f->{Sol di erBoySet}->(' Rank’, $value); }
el se
{ print "Soldier: attenpt to set rank to non-allowed value\n"; }}
el se
{ return $sel f->{Sol di erBoyGet}->("Rank’); }

sub DunpSol di er {
ny $self = shift;
print "SOLDI ER BOY dunp soldier\n";

print "Nanme =", $self->{Sol di er Nane}, # parent’s public nenber

",\nSerial Nunmber =", $self->Serial Nunber(), # parent’s private nmenber
",\nRank = ", $self->Rank(), # own overwitten private menber
"“,\nPublic field =", $self->{PublicField}, # own public nenber
", \nDateO'Birth = ", $self->DateOBirth(), # own private nmenbers
",\nHeal thCode = ", $sel f->Heal thCode(), "\n";

}

1;

He o o m e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

This derivedpackagehasits own public dataandits own privatedata.In addition,oneof its privatedatamembers,
Rank, overwritesa privatedatamemberin parentpackageSol di er . Notethatthe Sol di er Boy constructorcalls
Sol di er 'sconstructorpassingn %ar gs. InsideSol di er 'sconstructorwhenthelinesof code:

ny @rivateNanes = qw Rank Seri al Nunber);
foreach nmy $attr (@rivateNanes)
{ if ( defined( $args{$attr} ))
{ $self->Battr( $args{$attr} ); } }!

are executed,insteadof calling Sol di er’ s Rank sub,Sol di er Boy' s Rank subgetscalled. (Likewise, for
ary othercallsinsidepackageSol di er 's substo subRank.) In thisway, Sol di er Boy hasreplacedSol di er’s
privatevariableRankwith its own versionof Rank - andalso,of coursejts own versionof the (SameName)Rank
suh Theadwantageof this designfeatureis thata userof packageSol di er is nolongerpreventedfrom replacing
a parents privatevariableif necessarylf this programmetusercannotmodify the codein packageSol di er for
somereason(e.g.,if theSol di er packagavasin somelibrary format,or the programmeiusercouldnt modify the
distributableSol di er package}hisfeaturecanbealife saver, sincethesinsof theparentarenolongervisitedupon
thechildren(soto speak).
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Drawbacks

Of course pur designmodelhasa few "gotchas”.Herethey are:

1) the parents subsmustnot call the accessorslirectly exceptin the SameNamesubs;otherwise thesecallswill be
accessingheparent’s versionof the privatevariable,notthechild’s version.If thishappenst will probablyintroduce
subtlebugsthatwill behardto find.

2) if the child wantsto overwrite a parents variable,the child mustnot only have its own variablein its own private
hash it mustalsohave its own (overwritten)versionof the parents SameNamesuh

3) whena parents privatevariableis overwrittenin thisway, it couldeasilyintroducebugsinto the parents subs since
thevariablemaynow take on valuesnot allowedfor in the parents subs.

4) parentandchild package$iave to have uniquenamedor the accessosubreferences.

This designmodelis somavhat”stiff’, i.e., non-flexible, in the sensdhatoncethe parentpackages written this way;,

the child packageshouldfollow the samedesignmodel (although,they don't have to). Overall, we feel that the
adwantage®utweightthe disadwantages.

Varieties of Packages

Now we have mary optionsavailablefor encapsulationOur packageganhave:

1)all privatedata(justdon't putin a$sel f hashandreturnthe$accessor from theconstructor);

2) all public data(with the$sel f hashthisis theway we have beendoingit arnyway);

3) amixture of public andprivatedata,asin thesecondSol di er example;

4) privatedatathatis invisible from outsidethe packaggputthecal | er errortrapin the getaccessqraswell asin
thesetaccessor)

5) privatefunctionsthatarenot callablefrom outside(justputthecal | er errortrapinsidethefunctionthatyouwant
to beprivate.)

Summary

By usingDamienConway’s accessodesign,alongwith collapsedyet/setfunctions,SameNamenamingcornvention,
an errortrappedconstructorandtwo datamemberhasheswe have a packagadesignthat givesus privatevariables
thatarestill easyto accessandpublic variablesaswell. This approaclis not only robust, but alsogivesusa simple
packagedesignwithout sacrificingflexibility or requiringlargeamountsof code.In C++andJava, makinga variable
or function private meansrestrictingits lexical scope,without any errortrappingconsiderationsjn our example,
"private” meanserrortrappedandlexically restricted.In addition,a derived packagecanoverwriteits parents private
dataaswell asits parents functions(-provided that the basepackages subsonly accesghe private datamembers
throughthe SameNamefunctions,anddo not call theaccessodirectly.)

We proposeusingthe term “closedvariablesto referto datamemberghataremadeprivatein this way, sincethese
datamembersarenotreally privateasin C++ or Java.

Overall, we expectthis approacho cut down developmentand dehuggingtime in additionto the speedand easeof
usealreadyofferedby Perl. Our opinionis that Perltakesobject-orientegorogrammingo a moreevolvedlevel than
C++or Jara, sincePerlis justaspowerful, but doesnot have the “decoration”of multiple keywords.
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